Objective. To examine variation in pharmaceutical spending and patient characteristics across prescription drug user groups. Data Sources. British Columbia's population-based linked administrative health and sociodemographic databases (N = 3,460,763). Study Design. We classified individuals into empirically derived prescription drug user groups based on pharmaceutical spending patterns outside hospitals from 2007 to 2011. We examined variation in patient characteristics, mortality, and health services usage and applied hierarchical clustering to determine patterns of concurrent drug use identifying high-cost patients. Principal Findings. Approximately 1 in 20 British Columbians had persistently high prescription costs for 5 consecutive years, accounting for 42 percent of 2011 province-wide pharmaceutical spending. Less than 1 percent of the population experienced discrete episodes of high prescription costs; an additional 2.8 percent transitioned to or from high-cost episodes of unknown duration. Persistent high-cost users were more likely to concurrently use multiple chronic medications; episodic and transitory users spent more on specialized medicines, including outpatient cancer drugs. Cluster analyses revealed heterogeneity in concurrent medicine use within high-cost groups. Conclusions. Whether low, moderate, or high, costs of prescription drugs for most individuals are persistent over time. Policies controlling high-cost use should focus on reducing polypharmacy and encouraging price competition in drug classes used by ordinary and high-cost users alike.
clustering to determine any patterns of concomitant drug use that might identify high-cost patients by age and sex.
METHODS

Data Sources
We based our analysis on deidentified linked health datasets provided by Population Data BC with approval of relevant data stewards and the University of British Columbia's Behavioural Research Ethics Board (2012 . All inferences, opinions, and conclusions drawn in this report are those of the authors, and they do not reflect the opinions or policies of the Data Stewards. Datasets included health care, sociodemographic, and mortality information for all British Columbians except registered First Nations and Inuit, members of the military, and inmates of federal penitentiaries (exclusions combined equal 4 percent of the population). To ensure complete data capture for study subjects, we focused our analysis on individuals living in British Columbia for at least 275 days in each year from 2007 until 2011. We recorded deaths in the fourth quarter of 2011, following fulfillment of the 275-day requirement, to allow for end-of-period mortality.
Our data on prescription drug purchases came from BC PharmaNet, an information system into which pharmacists must enter records of every prescription dispensed outside of acute care hospitals, including those dispensed in long-term care facilities (Government of British Columbia 2014). Prescription records include information about drug type, dose, quantity dispensed, formulation, and total cost in Canadian dollars.
Acute care hospitals account for approximately 10 percent of total annual prescription drug sales in Canada (Morgan et al. 2013) . Failure to capture pharmaceutical use within acute care hospitals may cause patients experiencing long acute hospital stays to be misclassified in terms of their community-based prescription drug use and cost. To limit this possibility, we excluded individuals who spent the majority of any year (more than 183 days) in an acute care hospital (approximately 0.01 percent of the study population). Beyond this exclusion, we found that annualizing outpatient prescription expenditures to account for time spent in acute care hospitals had no material effect on study findings.
Our medical services data included provider type, service type, cost of service, and one primary diagnosis code (ICD-9/10) for every feefor-service medical visit by all patients in our dataset. We did not have access to medical services data for care provided on alternative payment
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mechanisms (e.g., block-funded or capitation-funded health clinics). We therefore excluded a small number of geographic areas (e.g., northern and inner-city communities) that receive 25 percent or more of their medical care from non-fee-for-service providers. This exclusion affected an additional 4 percent of the study population.
Our hospital services data came from the Discharge Abstract Database, which tracks separations from all hospitals in British Columbia. Hospital records contain information about reason for admission, length of stay, level of care, procedures received, and up to 25 diagnoses (ICD-10). We determined the cost of hospital visits by multiplying the resource intensity weight of a specific hospital stay by the British Columbia government's estimated average costs per weighted case ).
Derived Variables
We grouped prescription drugs according to the World Health Organization's (WHO) Anatomical Therapeutic Chemical (ATC) drug classification system (WHO Collaborating Centre for Drug Statistics Methodology 2014). To identify polypharmacy, we counted the number of different ATC drug groups at the third level, therapeutic/pharmacological subgroups, that patients filled prescriptions from during each year. We defined broader therapeutic classes by grouping ATC subgroups based on primary indications for use (Appendix S1) (Morgan et al. 2013) . Additionally, we identified drugs used to treat acute and chronic illness using WHO classifications (WHO 2011).
We gauged overall patient morbidity using aggregated diagnostic groups (ADGs) of the Johns Hopkins Adjusted Clinical Group (ACG version 10.0) case mix adjustment system (Weiner et al. 1991) . ADGs map ICD-9 and ICD-10 codes into 32 mutually exclusive groups, eight of which have very high expected resource use and are labeled as major ADGs. We measured overall health status using a count of major ADGs and a count of minor ADGs represented by the ICD codes found in each individual's medical and hospital records, which have been shown to be predictive of mortality and health services utilization (Weiner and Abrams 2009; Hanley, Morgan, and Reid 2010) .
We estimated household income based on a combination of householdspecific and area-based income data (Hanley and Morgan 2008 ). For 52 percent of the population, we had validated, household-specific income information from registration files for British Columbia's universal, income-based public drug subsidy system (Fair PharmaCare, British Columbia, Canada). For the remaining 48 percent of the population, we estimated household income based on the median household income for the Census Dissemination Area in which people lived. Dissemination Areas are contiguous geographic areas with populations ranging from approximately 400 to 700 persons.
As there are no population-based sources of information on ethnicity that could be linked to British Columbia's health research datasets, we estimated ethnicity using an algorithm developed to identify surnames of South Asian and Chinese origin and validated for use with data from secondary sources (Shah et al. 2010 ).
Prescription Drug User Groups
We analyzed prescription drug expenditure distributions in each year of the study and developed probability transition matrices depicting individual changes in spending from 2007 to 2011 (Appendix S2). These preliminary analyses revealed reasonable persistence and modest variation in the level of prescription drug spending among individuals whose expenditures were below the 50th percentile of the expenditure distribution, and among individuals whose spending fell between the 50th and 80th percentiles. Spending was reasonably persistent though more varied among patients whose costs fell between the 80th and 90th percentiles, and among patients whose costs were above the 90th percentile. We therefore used the 50th, 80th, and 90th percentiles as thresholds-between what we consider low, average, moderate, and high prescription drug costs-to define nine mutually exclusive prescription drug user groups based on spending levels observed in each year from 2007 to 2011.
We classified individuals as persistent-HCUs if their prescription drug costs were above the 90th percentile in each of the 5 years from 2007 to 2011. We defined episodic-HCUs as individuals who had low or average costs (below the 80th percentile) in 2007, then had at least one high-cost year (above the 90th percentile) between 2008 and 2010, and then had low or average costs again in 2011. We also identified two categories of "transitory-HCUs" that included people who transitioned to or from episodes of high costs (above the 90th percentile) spanning just the end or just the beginning of our study period. Those transitioning "from HCU" experienced high prescription drug costs in 2007 and transitioned to low or average costs by 2011. Those transitioning "to HCU" had average or low costs in 2007 and high costs by 2011. We could not determine the length of the high-cost episodes of these transitory-HCUs because their episodes spanned the bounds of our study period.
High-Cost Users of Prescription Drugs
People with annual prescription drug costs always above the 80th percentile from 2007 to 2011, but who did not satisfy the criteria for being either a persistent, episodic, or transitory-HCU were classified as persistent moderatecost users. Individuals whose annual prescription drug costs were always below the 80th percentile and were between the 50th and 80th percentiles in one or more years were classified as persistent average-cost users. Those with annual costs always below the 50th percentile and who filled prescriptions in 1 or more years were classified as persistent low-cost users. Those who did not fill any prescriptions from 2007 to 2011 were classified as persistent nonusers. Finally, patients whose drug costs varied significantly and included patterns of low-cost and moderate-or high-cost use that did not satisfy the criteria for any of the previously defined user groups were considered sporadic low-to-highcost users.
Analyses
For each prescription drug user group, we measured prescription drug, physician, and hospital service usage and costs as well as sociodemographic characteristics, health status, and mortality. We tested for statistically significant differences in these measures across prescription drug user groups using multiple t-tests, chi-square tests, and multinomial logistic regression techniques.
We implemented hierarchical cluster analysis to search for patterns of concomitant prescription drug use across various age-sex strata of key user groups: persistent moderate-cost users, transitory-HCUs, episodic-HCUs, and persistent-HCUs. Given that we had no prior knowledge of the number of drug clusters, we implemented an agglomerative hierarchical clustering algorithm and weighted average linkage to determine commonly occurring groups of drug classes (Hastie et al. 2005; Cornell et al. 2009; Vu, Finch, and Day 2011; StataCorp 2013) . We used a Jaccard-based dissimilarity matrix and limited our analysis to drug classes with prevalence rates greater than 3 percent to minimize chaining (Vu, Finch, and Day 2011) . We visually represent our cluster analysis results using dendrograms for each group of patients assessed.
RESULTS
Approximately 3.5 million individuals fulfilled our inclusion criteria of continuous residency from 2007 to 2011. Owing to birth, death, immigration, or episodes of out-of-province residency during the study period, roughly 23 percent of residents of British Columbia in 2011 did not satisfy our inclusion criteria; these excluded individuals accounted for 11 percent of total population-wide prescription drug spending outside hospitals that year. Figure 1 illustrates the distribution of prescription drug spending across our study population during 2011. Though use of medicines was quite common, the distribution of prescription drug costs was highly skewed. Approximately 30 percent of the population filled no prescriptions during 2011. The 50th percentile of total prescription drug costs for 2011 was $86; the 80th percentile was $726; the 90th percentile was $1,521; and the 99th percentile was $6,454.
Prescription Costs by User Group
The cohort size and prescription drug costs of each of our prescription drug user groups are described in Table 1 . About 1 in 12 people in our study cohort (8.4 percent) filled no prescriptions in any year from 2007 to 2011 and were classified as persistent nonusers. Approximately one in six people had persistent low prescription drug costs from 2007 to 2011, and almost half of our study cohort (44.2 percent) had persistent average costs. The mean total cost of prescriptions filled in 2011 by persistent low-cost and persistent averagecost users was $12 and $131, respectively. Combined, these ordinary prescrip- Note.
All differences in demographics and spending across prescription drug user groups are statistically significant at p = .001.
tion drug users, representing 69 percent of the study cohort, accounted for 10 percent of total spending on prescription drugs for our cohort in 2011. At the other extreme, approximately 6 percent of our study cohort had prescription drug costs above the 90th percentile in each year from 2007 to 2011. The mean total cost of prescriptions filled by these persistent-HCUs in 2011 was approximately $4,200; collectively, this group accounted for 42 percent of total spending on prescription drugs that year.
Less than 1 percent of the study population experienced a discrete episode of high-cost use during our study period. The mean total cost of prescriptions filled in 2011 by these episodic-HCUs was just $255, representing 0.2 percent of total prescription drug spending that year. However, in their most recent year of high costs, episodic-HCUs filled prescriptions worth an average of nearly $3,500.
Approximately 1 percent of the study cohort transitioned from high prescription drug costs in 2007 to low or average costs by 2011. These individuals spent an average of $267 on prescription drugs in 2011 and accounted for 0.4 percent of total drug spending. Yet, in their most recent year of high costs, they had average prescription drug costs totaling $2,663.
Two percent of our study population transitioned from low or average prescription drug costs in 2007 to high costs by 2011. These patients had mean total prescriptions drug costs equal to nearly $3,300 in 2011, and they represented approximately 11 percent of total prescription drug spending.
Approximately 8 percent of the cohort incurred prescription drug costs above the 80th percentile every year between 2007 and 2011 but were not persistent-HCUs, episodic-HCUs, or transitory-HCUs. These persistent moderate-cost users had average total prescription costs of nearly $1,600 and were responsible for roughly 21 percent of total drug spending in 2011.
Approximately 14 percent of the study cohort did not fall into the above categories. The mean total cost of prescriptions filled by sporadic low-to-highcost users in 2011 was $663, accounting for 16 percent of total drug costs for our cohort that year. About 70 percent of these sporadic low-to-high-cost users had costs above the 50th percentile in each year of the study and would have been classified as persistent moderate-cost users had we lowered our threshold for identifying moderate prescription drug costs. population-based analysis, all differences in characteristics across prescription drug user groups were statistically significant (p < .001). This includes many statistically significant but very small differences (e.g., 3.4 percent of persistent moderate-cost users had surnames of South Asian origin versus 3.3 percent of persistent-HCUs who had surnames of South Asian origin). However, some differences warrant more attention than others. For example, both persistent nonusers and low-cost users were much more likely to be male than other user groups. Additionally, persistent nonusers, persistent low-cost, and persistent average-cost users were most likely to be under age 65, to have surnames of Chinese origin, to have midrange incomes, and to have fewer major and minor ADGs. Persistent moderate-cost users and persistent-HCUs were most likely to be older than 65. Persistent moderate-cost users, individuals who transitioned to HCUs by 2011, and persistent-HCUs were more likely to have low incomes, many major and minor comorbidities, and to have higher mortality rates than ordinary prescription drug users.
User Group Demographics
Episodic-HCUs were significantly younger than persistent-HCUs. While on average episodic-HCUs had few comorbidities in 2011, they had approximately the same levels of major and minor comorbidities as persistent-HCUs during their most recent high-cost year. Although their morbidity level decreased in 2011, episodic-HCUs had the second highest mortality rate of any user group. Individuals who transitioned from high to average or low costs by 2011 had the highest mortality rate of any user group. They had comparable population characteristics to episodic-HCUs, albeit they were more likely to be significantly older. Sporadic low-to-high-cost users had comparable population characteristics to episodic-HCUs, but they had a much lower mortality rate.
Use and Cost of Prescription Drugs, Medical Services, and Hospital Services Table 2 summarizes 2011 prescription drug, physician, and hospital service costs and usage for each prescription drug user group. The large majority of pairwise differences in average health service costs and usage per capita across user groups were statistically significant (p < .001). The few differences that were not statistically significant are noted with superscript references in Table 2 . Patterns of prescription drug use and costs follow the logic of the user group definitions. Persistent low-cost users filled an average of about one prescription per year containing an average total of 8 days of therapy, while persistent average-cost users filled an average of about four prescriptions containing an average total of approximately 130 days of therapy. In comparison, individuals who transitioned to HCUs by 2011 filled an average of 55 prescriptions containing an average total of over 1,250 days of therapy, while persistent-HCUs filled an average of 92 prescriptions containing an average total of more than 2,200 days of therapy. Persistent-HCUs were also more likely to experience polypharmacy, filling prescriptions from an average of 10 different drug groups in 2011. By definition, episodic-HCUs and patients who transitioned from HCUs to low-or average-cost users had relatively low prescription drug usage and costs in 2011. However, during their most recent year of high-cost use, they had much higher levels of use and, especially, costs. In contrast to persistentHCUs, episodic-HCUs filled approximately a third as many prescriptions during their high-cost year, totaling approximately a third as many days of therapy, but at nearly the same level of total cost. As such, the average cost per day of treatment was much higher for episodic-HCUs than for persistentHCUs. Conversely, in their most recent high-cost year, average costs per day of treatment for individuals who transitioned from HCUs were much more similar to those for persistent-HCUs.
Differences in average use and cost of physician services across prescription drug user groups were similar to-though lower in overall magnitude than-the differences in prescription drug use and cost. Notably, many persistent nonusers of prescription drugs received care from physicians. Additionally, during their most recent year of high prescription costs, episodic-HCUs had higher average physician service costs, saw more providers, and received more care from specialists than persistent-HCUs.
Patterns of hospital service use and cost across prescription drug user groups also mirrored patterns of prescriptions drug use and cost. High-and moderate-cost users of prescription drugs received more care in hospitals, at higher total cost, than persistent nonusers, low-cost, and average-cost users of prescription drugs. Notably, episodic-HCUs of prescription drugs had the highest rates of hospitalization and associated costs during their most recent high-cost year. Care for episodic-HCUs was more likely to be on an inpatient basis and at a higher resource intensity than care received by other user groups, including persistent-HCUs. While episodic-HCUs experienced much higher hospital costs during their most recent high-cost episode than in 2011, individuals who transitioned from HCUs experienced similar average hospital costs in both 2011 and their most recent high-cost episode. Finally, nonusers of prescription drugs were less likely to be hospitalized but had longer average hospital stays compared to persistent low-cost and persistent average-cost users. A relatively large proportion of their hospitalizations, 45 percent, were for urgent unplanned events. Table 3 shows the top 10 therapeutic classes in terms of total prescription drug costs for persistent moderate-cost users, transitory-HCUs, episodic-HCUs, and persistent-HCUs. The 10 leading drug classes accounted for 63 percent of total cost of prescription drugs for moderate-cost users, 53 percent of total costs for individuals who transitioned from low-to-high-cost use, 49 percent of costs in their most recent high-cost year for individuals who transitioned from high-to low-cost use by 2011, 46 percent of costs in their most recent year for episodic-HCUs, and 60 percent of costs for persistent-HCUs. A small proportion of individuals from each of these five user groups filled prescriptions for very expensive biologic drugs to treat inflammatory conditions-such as rheumatoid arthritis, psoriasis, and Crohn's disease. Notwithstanding the use of these high-cost biologic anti-inflammatory drugs by a small number of patients in the moderate and HCUs groups, much of the spending for persistent moderate-cost users, individuals who transitioned from high costs, and persistent-HCUs was driven by the use of several commonly prescribed drug classes. Five of these common drug classes-antihypertensives, cholesterol drugs, antidepressants, acid-reducing drugs, and drugs for respiratory conditions-accounted for 48 percent of total 2011 spending among the persistent moderate-cost users, 32 percent of spending among individuals who transitioned from high costs during their most recent high-cost year, and 34 percent of 2011 spending among persistent-HCUs. In contrast, these five commonly prescribed drugs only accounted for 23 percent of 2011 spending among individuals who transitioned to high costs and 13 percent of total spending among episodic-HCUs during their most recent year of high-cost use.
Top Therapeutic Categories for Prescription Spending
Drivers of drug costs during the most recent year of high-cost use for episodic-HCUs were specialty medicines not as commonly used by persistent moderate and persistent-HCUs, including outpatient cancer drugs, drugs for female fertility, and biologic drugs for inflammatory conditions. Several of these drugs also drove costs among transitory-HCUs. Additionally, episodicHCUs and individuals who transitioned from high-costs filled more prescriptions for cardiovascular conditions-including antihypertensives, cholesterol drugs, and anticoagulants-during their most recent high-cost year than during 2011. Results of hierarchical clustering across age-sex groupings are provided in Appendix S3. All results demonstrated a high degree of heterogeneity in the "bundles" of drugs identified by the clustering algorithm. Persistent moderate-cost users, transitory, episodic, and persistent-HCUs are highly likely to be on multiple drugs and notwithstanding a small number of logical clusters of certain drug types (e.g., diabetes with cardiovascular drugs; anxiety medicines with antidepressants), cluster analysis suggests weak similarity of drug use clusters. That is, for members of each prescription drug user group, the probability of use of one class of medicines is virtually independent of the use of other classes of medicines.
DISCUSSION
Similar to other health services researchers (Kozyrskyj et al. 2005; Hanley and Morgan 2009; Saastamoinen and Verho 2012) , we find that a very small proportion of the population is responsible for the majority of prescription drug spending outside hospitals in British Columbia and that prescription drug expenditure patterns persist over time. Perhaps most notably in this regard, we find that persistent-HCUs-whose annual prescription drug costs were above the 90th percentile for five consecutive years-accounted for just 6 percent of our study cohort but over 40 percent of total prescription drug spending in 2011. We find some unique sociodemographic characteristics of ordinary prescription drug users: persistent nonusers and persistent low-cost users were much more likely to be male. This finding coincides with health services literature, which often shows women use more health care services than men (Bertakis et al. 2000) . Additionally, we observe that persistent nonusers, persistent low-cost, and persistent average-cost users were more likely to have surnames of Chinese origin. This is consistent with past research showing Chinese men and women in BC are less likely to fill some types of prescriptions than the general population Puyat et al. 2011) .
We also identify five distinct types of moderate to HCUs with important similarities and differences. Persistent-HCUs, individuals who transitioned to HCUs, and persistent moderate-cost users suffered higher levels of comorbidity relative to the general population, supporting literature indicating that high-cost patients warrant higher than average levels of service utilization (Reid et al. 2003; Roos et al. 2004; Hanley and Morgan 2009 ). We also find that most spending on medicines used by persistent moderate-cost users and persistent-HCUs was driven by use of multiple, commonly prescribed chronic drug therapies. We observe moderate concomitant drug use (an average of nearly seven distinct drug groups) among persistent moderate-cost users, transitory-HCUs, and episodic-HCUs during their most recent high-cost year, as well as very high concomitant drug use (an average of nearly 10) among persistent-HCUs. Cluster analyses revealed substantial heterogeneity in the drug bundles used by all moderate and HCUs.
Our findings concerning major cost drivers for persistent moderate and HCUs may have implications for health care policy and practice. At a policy level, some of the high medicine use among these patients may be mitigated by identifying low-cost treatment options for their ongoing drug needs. At a practice level, the critical evaluation of concomitant drug use of many different drug groups and an examination of the quality of pharmaceutical therapy may identify opportunities for deprescribing to improve patient outcomes, reduce risks, and save costs, given that individuals using multiple drugs are at increased risk of medication errors and drug-related problems (Woodward 2003; Øymoen, Potteg ard, and Almarsdóttir 2015; Saastamoinen and Verho 2015) .
We also find that a small but important cohort of individuals experience well-defined episodes of high-cost prescription drug use. People who fit our criteria for being episodic-HCUs of prescription drugs differed in important ways from other high-and moderate-cost users. On average, episodic-HCUs were younger, used more specialized physician services, and used more hospital services. Though episodic-HCUs filled fewer overall prescriptions than other high-and moderatecost users, they were more likely to fill prescriptions for specialized drugs.
Whether episodic, transitory, or persistent, the high concentration of prescription drug costs documented in this study has policy implications in a country like Canada, where patients often face significant out-of-pocket costs for drug treatments. Such financial burdens associated with drug needs may engender inequalities that are inconsistent with ethical principles underlying universal health care systems, especially if they come at a time when patients and families are going through ongoing or acute episodes of serious health care needs.
Study Limitations
Our study is not without limitations. For instance, though our datasets include prescription drug use in long-term care facilities, they exclude pharmaceuticals used within acute care hospitals. Our results therefore understate episodic high-cost use of medicines; however, our primary findings with respect to community-based prescription drug use and cost were not sensitive to different hospital stay exclusions. We had to use proxy information for patient ethnicity and neighborhood-based information for some patients' income levels. Results from the use of these data were as expected; however, access to better quality sociodemographic information might better explain determinants of high-cost medicine use. Finally, our results are based on Canada's drug financ-ing system and may not be as generalizable to jurisdictions with different systems of drug financing.
CONCLUSION
Prescription drug use and costs are skewed and remarkably persistent for most people in the population, including the small fraction of the population that accounts for the majority of total prescription drug spending. It is far more likely for individuals to transition to HCUs than it is for HCUs to return to ordinary medicine usage patterns. A very small number of HCUs will experience brief episodes of high prescription drug costs. Those that do are likely to use medicines to treat acute health care needs, including cancer, infertility, and serious cardiovascular events. Most HCUs of prescription drugs-and an even larger group of moderate-cost users of prescription drugs-experience chronic needs that last many years.
Health system managers should anticipate that there will always be HCUs of prescription drugs. Though long-term, upstream policies preventing the onset of acute and chronic needs for prescription drugs would alleviate some financial pressures in the pharmaceutical component on health care systems, immediate benefits may be attained by focusing on the mix and price of medicines used by these high-cost patients. Policy makers and health professionals should pay particular attention to the concomitant use of commonly prescribed drugs among people with persistent moderate or high prescription drug costs. Ensuring these drugs are appropriately prescribed and competitively priced could improve health outcomes while reducing financial burdens on the health care system and individual patients.
